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T H E O H I O S T A T E E N G I N E E R
Modern Tendencies in Surface Transportation
By L. P. DOYLE, '27
The Original Worm-drive City Car, Springfield (Mass.) Street Railway
EDITOR'S NOTE
Mr. Doyle is now a general engineer with the Westinghouse Electric
and Manufacturing Co., East Pittsburgh, Pa. He assisted in installing
the new worm drive street cars with automatic acceleration and auto-
matic dynamic braking for the United Railways and Electric Company
at Baltimore, Maryland.
The general trend in street railway operation is
towards higher acceleration rates and schedule
speeds, combined with comfort and safety. Surface
transportation requirements have undergone nu-
merous changes during the past decade. In the
very early days of street cars, ideal performance
was achieved by having more power and more
speed than other vehicles, which were, of course,
horse drawn. Then gradually the size, speed, and
power of the cars increased in later designs and
the ideal represented something better than pre-
viously. Soon automobiles began to appear but
without difficulty the street car remained the fast-
est vehicle on the street.
The next stage, however, found the automobile
developing at a faster rate than the street car. The
period of the war brought about an accelerated
development of automobiles for the needs of the
war. At the same time the street railway progress
was slowed down to a virtual standstill. It was
here that the automobile secured a running start
and began to pass the street car in transportation
performance and speed. The automobile, though
starting later, moved forward with a greater rate
of progress so that it crowded the street car back
among the slower forms of traffic. However, the
street railway operators have not been.content to
remain at the end of the traffic line and have been
fighting hard to regain their leadership in the
surface transportation field.
Out of the "din of the battle" came some revolu-
tionary ideas in street-car design—methods of
operation and drive. Perhaps the biggest factors
in assisting the street railways to catch up with
the march of progress are the modern high speed
motors, the methods of drive, and control. The
last year has witnessed the advent of the worm
drive with differential axle and a much higher
speed motor, and the double reduction gear in the
form of a separate gear unit—the WN drive—
which permits of even higher armature speed. The
modern motor with single reduction gear and low
wheels has about the same armature speed as that
of the old double reduction motors so that the
latest double reduction gives an unprecedented
speed for street railway motors.
MOTOR
The most interesting feature of the modern high
speed motors for use with WN and worm drive,
is that they are designed to operate two motors in
series on 600 volts, that is, with 300 volts per
commutator. For this type of service the 300 volt
motor is preferable for the reasons hereinafter
explained, but when properly designed the 600
volt motor will give satisfactory service. The 300
volt motor provides greater margins of safety,
and consequently can perform in more severe
service for a given rating.
The mechanical construction of the armature is
improved. Since the voltage across each motor is
halved, the number of conductors in the armature
can be decreased with a corresponding increase in
the size of the wire. A stronger construction is
obtained which materially reduces the motor
failures due to lead breakage. Fewer conductors
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Light Weight City Car, Parkersburg, W. Va.
reduce the space required for insulation, allowing
more copper to be used in the same size slots, and
with larger wire, stronger insulation can be ob-
tained.
The tendency of a motor to flash depends, to a
large extent, upon the voltage between commu-
tator bars which must be short-circuited by the
brushes. The commutators on a 300-volt motor
will have nearly as many bars as a 600-volt motor,
consequently the short circuit voltage per brush
will be nearly halved. This will reduce the flashing
to a negligible amount. During braking, when the
voltage on the motors may rise above the trolley
voltage, the motors will still have a greater margin
of safety in respect to short circuit brush voltages
than the present 600-volt motors without braking.
Why have 300-volt motors not been used before?
The larger motors can be designed satisfactorily
for 600-volt service without any great difficulty.
Until the past few years there has always been a
demand for two-motor equipments in the smaller
size motors, so that it was always necessary to
have a 600-volt motor for this service in order to
reduce resistance losses. The modern tendency is
largely to the use of four-motor equipment. Under
these conditions, the use of a 300-volt motor offers
no difficulties.
The objection has been raised that wheel slip-
page will cause trouble. The answer is that almost
all 1500 and 1200 volt equipments have two motors
in series at all times. Wheel slippage on these cars
is never a serious problem.
One important feature which goes far to make
the high speed motor a success is the fact that the
motor is entirely spring suspended. This greatly
reduces the effect of road shocks on the motor.
MODERN AUTOMATIC CONTROL
Automatic control has been used on street cars
for the last fifteen or twenty years. This control
in nearly all cases was patterned after the auto-
matic control used so successfully today on rapid
transit lines. The operating conditions for surface
cars are very different from those of the rapid
transit car, and consequently the older type of
(Continued on Page 22)
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(Continued from Page 7)
automatic control for surface cars did not meet
the requirements with sufficient success to give it
any great popularity. The control requirements
on a modern surface car are very different from
those of a few years ago. Operating conditions are
different and the street car today must operate
under widely varying conditions. In the congested
areas all vehicles are operating as closely together
as is mechanically possible, requiring very slow
acceleration and movement of traffic. In this area
it is highly desirable that all vehicles accelerate
rapidly in order that the maximum number may
pass on the "go" signal of the traffic lights. High
rates of acceleration are also desirable in the non-
congested districts as an aid to increased schedule
speeds.
Variable traction conditions are present as well
as variable traffic conditions. The available trac-
tion on a line may vary over a wide range during
a one-way trip of a street car, this variation de-
pending on the amount of automotive traffic over
the rail, type of paving, open rail, weather condi-
tions, grades and many other factors. Also the
tendency today is to decrease car weight and in-
crease motor capacity. There will, therefore, be a
greater change in the total weight from no load
to a fully loaded car. To obtain maximum effi-
ciency of car performance, the control of the car
must compensate for this rather severe change.
To meet the variable traction and traffic condi-
tions the variable automatic type of control has
been designed. Acceleration is automatic and con-
trolled by the master controller. Variable tractive
effort is obtained by having a series of positions
on the master controller which correspond to pre-
determined accelerating rates. A current limit
relay is used to govern the rate of acceleration.
(Continued on Page 24)
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Phone UN-2987 1137 North High Street
Burgess & Niple
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The Burnip Construction Co.
Contractors for
Municipal Improvements
568 East Broad St. Columbus, Ohio
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Bailey Meters
BAILEY BOILER METERS are of real assistance in obtaining maxi-
mum efficiency and capacity from boiler operation because they record
the rate of Steam Flow from the boiler, the rate of Air Flow through
the furnace and the Flue Gas Temperature on a single uniformly graded
chart. The relation between the Steam Flow and Air Flow shows in-
stantly whether an excess or a deficiency of air is being supplied. Stoker
speed as well as the integrator for Steam Flow may be added.
BAILEY MULTI-POINTER GAGES are made with any number of
pointers to fit each installation. Indicate Pressure, Temperature, Rate of
Flow, Draft, Speed, etc.
BAILEY METERS FOR COAL AND GRANULAR MATERIALS
measure coal, crushed ore and other granular materials in large quanti-
ties.
BAILEY FLUID METERS record and integrate the flow of steam or
water at any pressure or temperature. The meters may be supplied with
pressure recorders, temperature recorders or both.
BAILEY GAS METERS record and integrate the flow of low or high
pressure gas or air at any temperature. Special meters built for measure-
ment olf chemically active gases.
BAILEY GRAVITY RECORDERS FOR LIQUIDS record the true
specific of a flowing sample on a 12-inch circular chart.
OTHER TYPES OF METERS as well as recording and indicating
Gages are made for different purposes, so that nearly any problem in
connection with the metering of fluids can be handled.
BULLETINS SENT ON REQUEST
BAILEY METER COMPANY
1050 Ivanhoe Road Cleveland, Ohio
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(Continued from Page 22)
This relay has a shunt coil on it which is used in
connection with the master controller. The posi-
tion of the master controller determines the
amount of resistance in series with the coil.
Changing the current flow through the shunt coil
by manipulation of the master controller deter-
mines the setting of the relay. The rate of accel-
eration is proportional to the deflection of the
controller handle or accelerator pedal. Variable
tractive effort is necessary for several reasons.
The operator must accelerate slowly in very dense
traffic and rapidly when the streets are clear. It
is essential to keep the rates of acceleration when
the load and grade increases, particularly during
rush hours.
DYNAMIC BRAKING
A moving car has a certain amount of kinetic
energy which is proportional to the square of its
speed. In bringing the car to a stop, this energy
must be dissipated. This can be accomplished
either by the use of friction brakes or by driving
the motors as generators. In the latter case, the
power recovered may be put to useful work.
Theoretically the power thus obtained may be
used in two ways. It can be returned to the trolley
wire or used for heating the cars. With the present
development of the art the former is not feasible
on a street car because of the excessive amount of
apparatus involved. The second has been and can
be accomplished in a satisfactory and economical
manner by placing the motor resistors inside the
cars and using them for a load.
A series motor, when driven by an external
force, will act as a generator if the fields are re-
versed in respect to the armature. The voltage
obtained from an electric generator is propor-
tional to the field strength and the speed. In a
series generator the field is excited by the load
current, so that the greater the load current the
higher the voltage.
In many ways, the motors are subjected to more
severe service when used during braking than
when propelling the car. This is principally due
to the greater voltages and currents obtained at
the higher speeds. When accelerating, the current
in the motor decreases with speed, so that heavy
loads are never encountered with high speeds.
Also the voltage is limited. When braking, the
maximum current is obtained at all speeds and the
voltage may be greater than when motoring. This
feature requires that special considerations be
taken in the design to assure the same margins of
safety which can best be obtained with 300-volt
motors, two permanently connected in series.
When braking is applied, the motors, acting as
generators, feed into the resistors. For any given
car speed the voltage and current depend upon
the amount of resistance placed in the circuit. The
current originally flowing produces a retarding
effort which reduces the speed and voltage, and
with the reduced voltage the retarding effort de-
creases. The effect is cumulative so that the re-
tarding effort will rapidly decrease unless the re-
sistance is reduced with the speed. With the auto-
matic control, the resistors are cut out by means
of a current relay which so manipulates the control
(Continued on Page 26)
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Watering 87,000 horses
On Horseshoe Lake near Oklahoma City, in a business-
like, compact building, 87,000 horses (figuratively speak-
ing) are stabled . . . nearly three for every family in Okla-
homa City. For with the completion of a new unit of the
Oklahoma Gas & Electric Company's power station at
this point, the total generating capacity was raised from
46,930 to 87,130 horsepower.
To keep these "horses" up to full working condition,
and do it cheaply as possible, is no small job. Just the
water required is 86,400,000 gallons daily, the equiva-
lent of eight days' supply for Oklahoma City.
The new generating unit was made necessary by the ex-
pansion of industrial activity throughout Oklahoma and
particularly by the increased use of electric power by
the oil industry. For it, improved valves, fittings, and
piping, so vital to efficient and economical power pro-
duction, were supplied by Crane Co. Thus in these
modern times does progress in one industry bring progress
in another.
No matter what branch of engineering you enter after
graduation, you are likely to find Crane piping materials
essential tools of your profession. In the Crane book,
" Pioneering in Science," is told the story of Crane re-
search in metallurgy, with important scientific data and
high pressure and temperature curves. A copy will be
valuable for reference. Let us send you one.
Valves
'CRANE'
PIPING MATERIALS TO CONVEY AND CONTROL STEAM, LIQUIDS, OIL, GAS, CHEMICALS
CRANE CO., GENERAL OFFICES: 836 S. MICHIGAN AVE., CHICAGO
NEW YORK OFFICE: 23 W. 44TH STREET
Branches and Sales Offices in One Hundred and Ninety Cities
Fifth <gs
Part of Purdue^s Laboratory —
TAYLOR STOKERS
Choice of Americans
Colleges
Purdue
Vassar
Johns
Hopkins
Catholic
University
Wisconsin
Ohio State
Kansas
Princeton
Michigan
Duke
Detroit
Concordia
Tennessee
New
Hampshire
Penn State
W. Virginia
Purdue University, one of the fore-
most educational institutions in the
great Middle West, with a long and
notable record of engineering train-
ing, uses TAYLOR STOKERS to
supplement its laboratory equipment
for the instruction of students.
Thus in the field of academic
research, as in the year-in and year-
out ordeal of countless industrial
power plants, the TAYLOR STOKER
is the standard of excellence among
combustion machines.
In their own power and heating
plants, colleges throughout the
country, appreciating the latest
advances of science in engineering,
findthatTAYLOR STOKERS provide
maximum efficiency and economy,
while reducing to a minimum smoke,
dust and dirt.
AMERICAN ENGINEERING COMPANY
2441 Aramingo Avenue Philadelphia, Pa.
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(Continued from Page 24)
that a nearly constant current is maintained down
to about 3.00 m. p. h. at which time the air is
applied for a complete stop. On a car there are
two or more series motors in parallel, acting as
generators, supplying power to a single resistor.
This combination is unstable as one generator will
assume more than its share of the load and tend to
drive the others as motors. To make the combina-
tion stable, the field of one motor must be con-
nected in series with the armature of the next
motor. For service dynamic braking, time is con-
served by not waiting for the residual flux to act,
but by separately exciting one motor field causing
instantaneous pick-up of the braking load.
Besides the power savings in using dynamic
braking losses for car heating, there are several
other important advantages of dynamic braking.
An additional safety factor is provided in stopping
without resorting to the usual destructive method
of bucking the motors. Dynamic braking also
reduces the wear on wheels, brake shoes and brake
rigging.
The trend is, therefore, towards modernization
of surface car equipment, as is eidenced by recent
large orders of modern street-car equipments. The
street car today is operating in a highly competi-
tive field—with the modern busses and private
automobiles. With the modern equipped street
car, higher accelerating rates and running speeds
can be accomplished with passenger comfort com-
parable with that of the latest model automobile.
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For Your Protection,
This Indented Spiral
Forever Marks
T I M E - T H A T T O U G H O L D T E S T E R . . . .
Meet Time, that tough old tester of everything in this world. To
his aid, Time calls all the destructive forces of the universe. Years
come and go, storms and sunshine, heat and cold make their
accustomed rounds, while Time, the tough old tester, broods
over the world, trying, testing, destroying.
Yet Time, the tough old tester, does have his troubles. Against
one material devised by man, Time and his serving-men falter.
That material is genuine Puddled Wrought Iron—the metal of
which Reading 5-Point Pipe is made. Watch for the next coming
of Time, the tough old tester—you can learn about pipe from him.
R E A D I N G I R O N C O M P A N Y , Reading Pennsylvania
G ENUINE PUDDLED WROUGHT IRONREADING PIPED I A M E T E R S R A N G I N G FROM 1/8 TO 2O INCHES
Science and Invention Have Never Found a Satisfactory Substitute for Genuine Puddled Wrought Iron
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